have either moderate or large effects on Hanatoxin bindshows that the channels opened in the presence of toxin deactivate much faster than unbound control channels ing to the Kv2.1 channel are colored pink and red, respectively. Fourth, the effects of multiple substitutions ( Figure 2A ). This finding indicates that either the toxin remains bound throughout the experiment or that the at several positions in S3b (e.g., F274 and E277 in Kv2.1) are consistent with intimate and specific interactions toxin unbinds upon depolarization and rebinds rapidly upon hyperpolarization. The kinetics of the tail currents between the toxin and the S3b helix, involving both strong hydrophobic and ionic interactions (Li-Smerin ( ‫5ف‬ ms) are more than three orders of magnitude faster than the apparent kinetics of binding observed when and Swartz, 2000). The experiments described here use Hanatoxin to better understand the position and movethe toxin is added to the recording chamber (e.g., Figure  2C ), suggesting that the speeding of deactivation is not ments of the voltage-sensor paddle in the Kv2.1 channel by addressing three fundamental questions. First, to caused by rebinding of the toxin. 
The independent transition is governed by the equilibrium constant K v and is presumed to correspond to movements of the four voltage sensors, whereas the concerted transition is governed by L and is presumed to reflect opening of the S6 activation gate. In principle, Hanatoxin could shift activation of the channel by affecting either of these two types of transitions, in effect, stabilizing closed states before (C 1 ) or after (C 2 ) the voltage sensor moves. Note that the latter possibility would be compatible with the model for activation of the KvAP channel ( Figure 1B ( Figures 3C and 3D) . Next, we studied the inhibitory Figure 5A shows tween the concentration dependence for inhibition of opening and charge movement is precisely predicted the results of experiments where we examined the concentration dependence for Hanatoxin inhibition of gating by a simple four independent site model. These results suggest that Hanatoxin affects gating charge translocacharge, assayed by measuring the fractional inhibition of gating charge (F q ) in the negative voltage range, as tion in an independent fashion, and thus support the notion that Hanatoxin binds to and stabilizes a resting in Figure 4C . The data are well described by a single site relation with an equilibrium dissociation constant state of the voltage sensor paddle. These results are also a strong indication that four Hanatoxin molecules (K d ) of 107 nM and maximal inhibition of 80%. Since all four voltage sensors must activate before the channel can bind to each channel, one for each of the four voltage sensors. This does not rule out the possibility that opens with significant probability (Islas and Sigworth, 1999), one might expect that a single toxin would be the toxin also alters the concerted transition. Indeed, the maximal conductance at positive voltages is reduced by sufficient to inhibit opening of the channel. In this case the toxin (Figures 2A and 2B) , an effect that could be dissociates more rapidly once the channel is activated with large depolarizations. To observe this phenomenon, explained by lowering the maximal open probability through an effect on the concerted transition.
depolarizations must be applied for longer duration (e.g., 1 s) and at high frequency (e.g., 0. the helix-turn-helix motif, making it even more difficult to complex the toxin and paddle in this view. Thus,
